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A injjiicpinputer--based com instructional 
(CAI) system was designed at the Driiversity of Texas Medical Branch 
in an attempt to lower both the excessive hardware costs and the 
inordinate amciuit of time required for the prepaiati9n of each hotir 
of instructional material associated with traditional CAI systems. A 
prototype system with an author-ori«ited language Was developed and 
used by medical studeoits. The system* s programs consisted of teactual 
content and of logic instructibhs which allowed the machine to 
execute the instinictor's educational strategies. The system was found 
capable of handling complex; educationally effective programs and was 
yell liked by 5tudents. In addition, it. was learned that faculty were 
both willing and able to write their dim programs after a short 
period of instructicm. . (PB) 
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Abstract 



Cc.Tputer Aide-i Instructior. (CAI) has proven to 
b» an effective educational technique for Socratic, 
drill, problem solving, or patient r.ana^enent programs. 
l:c«wever , 'both excessive hardware costs and inordinate 
tin:c recuircments for preparation of each hour of 
insrrv.cticnal r^terial have contributed to its slw 
development as an everyday tool. In ein attenot to 
irinin;ire these difficulties, the design of z nini- 
c::p.puter-5ased CAI Systcn, the development of a proto- 
type -systcp. and the preparation of An author-oriented 
I-oncuaae were undertaT-icn. This syster. has new been 
tested by r.cdical studsnts^ interns and residents on 
problem solving, tutorial and patient nanagenent 
sinul at ion programs . 

T^e systesi has been well received by the student 
population, has proven educationally effective with 
tl-.ose- pfcgrar^ for which such Jiata arc- available, and 
has very significantly reduced both progras: prepara- 
tion -tine and hardware costs . 

The perforTiance requirenents used in design inn 
this systen be discussed, as will rhe design 

used to.ceet tiicse rev-ruircir^nts. 



The educational value of Computer Aided Instruc- 
tion iCAl) is adequately dcca-onted,^'^ yet its use 
rcr-am*^ ruite limited. Thexe are unquestionably a 
nurber- cf factors that contribute to its poor accept- 
ance AS a day-to-day te£<^.ing tool. Cf these the 
high hardware cost and inordinate arcun;: of faculty 
tir.; nceC-ed for progrsrx arc-par <iticn appear to be the 
ncEt i report ant- In an atter.pt to retain the program 
flexability and interactive abilities of traditional 
CAI syster^, while substantially reducing prograr. 
oropiratior. tiK;e and hardware costs- a prototype 
vcjrsion cf a niiniccnputfer-bared CAI syrjten was ccn- 
strucrted at the University of Texc.s r^rcdical Eranch 
ai.d a CAI language developed for use with this system. 
This report describes the considerations we found to 
r.e necessary in design of functinnal niniccnputer- 
b<;3ed CAI oVbten. 

Computer ^idcd instruction c5r. be a highly inter- 
active and evaluative toci.and its potential c^sn only 
be realized wh«;n these assets are efffctively utilised. 
Thor* is little to warrant its u^e as a text bocX or 
lecture sitbstitute. Its interactive abilities nake 
it suitable for a nurrher of educar.io.nai needs that 
have previously required extensive one-to-one student 
tic faculty interaction. The teaching of problem 
solving techniques or use of patient ricnagement 
si.T.ulaticns »are not .v.enable tc group teaching a.'id 
ccnsequently ;eceive little or no erph.^sis despite 
the obvious need tc inprrA'o decision K:.i-:ing skills, 
rnc fclJ owing »ire the first few fr3.-::os fror. a CAI 
program used, to help students develop the ability to 
hiiAdlc rer.al clearance prcbli?:riS- 

Contputer: 'ouppose you ran renal cleai\mco rstuaies on 
A pitient and obtained the foilcwA.r,g dsiz-h. 
Urine flew rate; ?.cc/n;i:'ute 



ynne. 
riasr..! 



JlJiccse 
•Too iriqS, 
2;»0 ng\ 



In u! in 
0.0 r.g/cc 
0.01 .T.g/cc 



Oiro larity 
293 nCs/kg 



2^1 

3.2 .T^i/.-c 
0.0151't^'cc 



Can you calculate his Tp, for glucose? 
Student : iJo 

Conouter : O.K., let's be sure you knew what a Tm isi 
The Tp, for glucose is the r.aximal rate, at 



which glucose can be 
tubular cells. 



by the 



Student: Jugg le d 



Sorry, that answer doesn't make any sense 
tc me. 7a'-:e anotiier lock at the statement, 
and- rephrase yoiar answer. 

The Tju for giurbse is the maximal rate .^t 
which glucose canlbe by the 

tubular cells. 



Btudi^ht: Reabsorbed 



Conputer : 



We want to know the maximal rate of 
e re absorption. There doesn't appear 
a direct way of doing this; hcwever. 



Good, 
giuco^ 
to be 

this value s>ouid be the dit fere.nce between 
the rate of glucose filtration and the rate 
cf gl-icose excretion. Tcke eLnother look 
at the ditu and calculate the glucose 
excretion rate. • 
Urine flow rate: 2cc/min 
Glucose Inulin QsTolaritv ?AK 



Urine 
r las ma 



400 r:g'* 
200 =:g% 



0-6 ng/cc 
0.01 Kg/cc 



7G5 mO.^/Kg 
29 i mOsAg 



2.2 ng/cc 
0.015 mg/cc 



his individual's glucose excretion rate 



Student : e rog/min 

Corc-^tor : Ri ght : 

Now, what was . . . 

Prcgror.s of this type consist of two parts: 
(i: the logic instructions t-'i^.t allow the iiachine to 
execute the ecjciti^n::! scrate^'ios of the instructor 
according tc his prec-iterr-.ined criteria and (2) the 
te-^tual csntent of the prugra."*.. The ability to store 
and execute the control lo^ic for 5uch a progr^im 
requires little logic storage CAsnbiJity and its 
execution requires veiy little cor:pi:t.?r time. It is 
well within the c.-^ijcti ; :t2.es of the currently available 
1* OT liS -bit cGn'^^V"*! -jurpose m;;iicomputers. 

It is, of cour;<c» posn iblo to store course con- 
tent in ccr.puter cere, on magnetic tape, or cn a digital 
disc rind read ic out ^n a uatr.aie ray tube or a hard- 
copy print-cut Cr^vK.v . Aithounh thifs is traditional 
It msy not he vise J-r-en the cc.-^puter is used ,in a 
cor.ver.«>ational no^;-* reapers o ti.-;.^ beconos .r.ore iiipor" 
tant t.-^an in soma tinio-rhired upplicaticn?. ?:xc^'flsive 
delays between tne e.-*.d of a stiulont input and the 
r.achinc's respon!;e re3';it in rc-ducud teachrng effec- 
tiveness. It 13 dif<:Ic;ilt tc estahlith maxl.T.urn aliow- 
abl^; iccoss tir.cs wifV^ any degree o: accuracy, but, 
for u.no with ncJicai stu-l^nris, **v:orst CaS'j** access 
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tines oi 4 to 6 soconcs appear to be reasonable coalr.. 
C--^f:scc:uently , storage of course content on r.acnetic 
tfjo is ir.?ractical. Althou^?h it could be stored on 
a dicical disc or perhaps everrin core utilisation 
of computer time to process course content on its way 
to a -w'dtiiode ray tube or teletype becorr.es increasingly 
impractical as the number of tenr.inals increases. 
Throuch use of nore independent storage and display 
dovices it -should be possible to service rr.ore terzni- 
nais within any given access tine allowance. A video 
disc, nurh like that used for television instant 
replay, in conjunction with an appropriate interface 
and television receivers can be used for storage and 
display of text, graphics or even phoucgraphs. Rancor, 
access slide or filn strip projectors, or n:icrofiche 
projections with appropriate interfaces can also serve 
this fuhcticn. 

Upon receipt of a specific address by the inter- 
face, any one of these devices, will access and dis- 
play the frac*^ of infomation designated. This is 
accomplished without use of the computer as routing 
path for stored information frcn the storage device 
to the display device, as is necessary, for instance, 
for CFTT display of disc-stored text. 

In'^rvodical education a requirenent for large 
nurrbers of graphic displays (x-rays, photornicro- 
craphs, £KG traces,, etc.)* is often encountered. 
These storage devices are particularly useful when 
this require.-neht is present, not only because of the 
savings in processor tirao, but, nore iiaportahtly , 
because they can all store and display graphics too 
coinplex for effective cathode ray tube display. 
Several of these devices afford adequate ictage quality 
to be used successfully for photonicrograph or x-ray 
display. This capability has proven very useful to 
us. 

If one wishes to produce a system to take- advan- 
tage of a.nalog storage of course content a video 
"disc/closed circuit TV system appears to be the 
systen of choice. A basic two-disc pack can be 
equipped to service numerous teminais simultaneously 
through the addition of buffer tracks with f£x«d 
heads (one track per terminal) to the disc system. 
Video discs provide easy image recording and editing, 
rapid access, excellent image quality and reasonably 
large storage capacity. The cost of the storage 
and display devices necessary to implen;entv this 
approach is cpnrpetit'ive^with -that o\ hard copy termi- 
nals, cathodej ray tube^ terminals, random access film 
projectors or microfiche projectors ^in systems of 15 
or more terminals. 

Most CAI systems use alpha-nur.eric keyboards 
for student input to the nachine. There appears to 
bs little reason to modify this approach. These 
devices are inexpensive, easily interfaced, and allow 
ciaximun flexability in the forms in which information 
input can occur. Although full paragraph natural 
language statements are desirable, this goal has not 
been achieved in a practical sense. One or two word 
answers, word lists., numerical answers with or with- 
out units, multiple choice answers, etc. can however 
be adequately handled by eitiier traditional or mini- 
computer systems. These responses are evaluated on 
an absolute match basis. Consequently, the larger 
the answer, particularly when word strings are 
involved, the lower the probability of obtaining a 
perfect natch. Although answers may be of atny length, 
ve have arbitrarily chosen to match only the first 
-0 char^kcters of each response. This answer length 
limitation not only simplifies response identifica- 
tion, it makes practical the buffering of an entire 



response at ti.e i.nteriaco. This resco.nse /ay then be 
read into the corspuj-er, on do-:^and, as a ?ir.;:te er.r,r/. 
This procedure co::sidercbly facilitatos ti-.-t sharing 
on r.uitipJe terninai sys-ems. 

I:- order to demonstrate that hardware cost and 
program; preparation lime cculd bo dra?t:caIJy reduced 
with ar. appropriately desicned minicciTp jter CAI system 
using a flexible, user-ori.?ntoc lan^ua^je ,- a single 
terrdnal prototype minicomputer CAJ system was con- 
structed at the University of Te:<5.s y.edical Branch. 
Although the system was designed vith video disc 
storace in mind, the prototype was limited to a single 
terminal using a Koda>: RA 960 rCLndom access projector 
for storage of course content because -of funding 
limitations. The terminal 1) -consists of an 

alpha nur^ric keyboard and a screen on which course 
content is displayed b.y rear screen projection. The 
projectOT is corftrolled byjthe computer through an 
interface of local design.^ An 8.K Digital Equipment 
Corporation PDP/8E serves as the central processor, 
and an AS.H 33 Teletype with paper rhpe reader is used 
for program preparation. This prototype system has 
been in operation since January 1972 a.nd has been 
tested with Drill, Frcbiem Solving and Patient Manage- 
ment Simulation progrars. 

We have found that reasoAably cor.plcx, e^ducatioh- 
ally effective programs can be readily handled by the 
system,'* that it is well liked by the students and 
that through use of CAI50, a CAI language written for 
this system,^ faculty can and will write their own 
progr^-ns after a brief period of instruction. 

The economics of minicomputer-based CAI are also 
encouraging, especially when compared with traditional 
systems based on medium or large processors sue:; as 
I3M*s 360/40. A 10 terminal version of this system 
could be constructed for less than $40,000. 

This study was supported in part by National 
Fund for .Medical Education Grant 95169. 
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